The circumfusion system is a complex in vitro pumping unit incorporating 12 multipurpose culture chambers through which a serum-supplemented fluid nutrient is rccirculatcd at a rate of 4.5 ml/min per chamber. This system was used to study the diffcrcntiative responses of fetal and newborn mousc liver cxplants placed in the serum-free environment formed betwccn thc shccts of unperforatcd cellophane and cover glasses of the chambers. Hepatocytes (parenchymal cells) were discernible in 3-5 days. They retained many of their features of differentiation in the circumfusion system for more than 120 days of cultivation. The living morphological characteristics of the hepatocytes wcrc studied by phase-contrast microscopy (direct viewing and time-lapse cincmicrography) and by special cytochcmical staining. Elcctron micrographs were made of both fresh liver specimens and the culturcd cells. Comparisons of the cultured parenchymal cells with their in vivo progenitors showed a rcmarkab!e preservation of their differentiated state.
INTRODUCTION
The circumfusion system 1 (36) was recently described as a self-contained tissue culture device which supports 12 intcrconnecting multipurpose culture chambers (32) . Briefly, all chambers of the system are connected to two reservoir bottles by two 30 inch lengths of Tcflon spaghctti tubing. In this way, the chambers receive a flowing supply of fluid nutricnt from a common repository (the positive-pressure reservoir bottle) at a rate of 4.5 ml/min per chamber. Rapid recirculation is regulated by a peristaltic pump which moves the nutrient (400 ml total volume per systeni} through two polyvinyl chloride tubes from the taegativepressure reservoir bottle to the positive-pressure reservoir bottle at a rate of 54 ml/min. The negative-pressure bottle receives 4.5 ml/min from each of the 12 chambers; this completes the circulation pattern. The Teflon tubing and the polyvinyl chloride tubing are gas permeable. Since the oxygen tension of the atmosphere is higher than that of the nutrient, an ingression of oxygen occurs through the tubing so that the nutrient entering each chamber is oxygen satu-rated, namely, pO2 = 160 mm Hg. Conversely, CO2 is lost from the nutrient to the atmosphere through the tubing, but this loss is corrected by the immersion of an 8 foot long coil of Teflon tubing in the positive-pressure reservoir bottle through which pure CO2 flows at a slow rate, the CO2 diffusing through the Teflon into the fluid nutrient.
In circumfusion systems, the multipurpose culture chambers have been used with the cellophane sheet method (33, 35, 38) . With this technique, a serum-free microenviroment is formed in each chamber between the cover slip and a sheet of unperforated cellophane cut from dialysis tubing. In earlier experiments, the effects of culturing in such thin compartments were found to be favorable for the maintenance of differentiation of a number of chick embryonic tissues for prolonged periods of time (34, 35, 37, 39, 40) . The cellophane sheet method of cultivation coupled with the effects produced by the recirculation of nutrient in the circumfusion system were found to enhance the degree, as well as the longevity, of differentiation of chick embryo explants (36) .
The purpose of this second paper is to report the resultant differentiation and maintenance of histotypic patterns observed in fetal and newborn mouse liver explants cultivated in the circumfusion systems for prolonged periods. The normalcy of cell structure and orientation of ceils to one another, as well as their functional activity observed by serial phase-contrast micrographs, time-lapse cinemicrography, cytochemical staining, and electron microscopy, indicated a remarkable preservation of their differentiated state for more than 120 days.
MATERIALS AND METHODS

Mouse Colony and Specimen Procurement
Strain C,H pregnant mice were obtained from a commercial source (Microbiological Associates, Inc., Bethesda, Md.). Caesarean sections were done after 16-20 days of gestation and the fetal mice were placed in sterile Petri dishes. Newborn mice were obtained 6-12 hrs after delivery. The mice were sacrificed by compressing the neck area with forceps and were washed with ethanol-impregnated sponges before dissection. Sterile procedures were used to make miclline abdominal incisions for the dissection and removal of liver specimens. The ages of the various mouse broods used in this study are listed chronologically in Table I .
Preparation of the Explants for Cultivation
The liver specimens were placed in sterile petri dishes and washed with three changes of Waymouth's medium MB 752/1. After being washed, the organs were cut into smaller pieces, about 0.5 mm in diameter, and rewashed; 4-6 pieces were placed on the cover slips of 1-4 chambers. Glass cover slips (No. l) were used for studies with the light microscope, and mica cover slips (Albert A. Henning and Co., New York) were used for procedures with the electron microscope. Sheets of unperforated dialysis cellophane, prepared as previously described (35, 38) and moistened with the Waymouth's medium, were gently laid over the explants. The chambers were fabricated in the manner described in the first publication on the circumfusion system (36) . Other tissues and organs used in systems containing the liver were ovary, testis, adrenal, salivary gland, tooth germ, heart muscle, skeletal muscle, and thyroid. 
The Circumfusion System
The tissue fragments were placed in Petri dishes containing the MB 752/1 nutrient not supplemcnted with serum. Similarly, the cellophane was washed in this serum-free nutrient before its use in the chambers. After all chambers were fabricated, the two empty reservoir bottles attached to the circumfusion system unit during autoclaving were exchanged for bottles containing serum-supplemented nutrient; the positive-pressure bottle contained 250 ml of nutrient and the negativc-pressure bottle 150 ml of nutrient. The polyvinyl leads were fed through the peristaltic pump, the chambers were placed in the stacking rack, and the pump was activated as illustrated and detailed in the first report (36) .
(250 ml capacity) were filled with this nutrient and stored in a refrigerator at 5°C. At specified intervals, the positive-pressure bottle of a circumfusion system was removed and replaced with a bottle containing fresh nutrient. At first, this was done semiweekly, but it was found later that weekly exchanges were equally effective.
Staining Procedures
For staining, chambers were detached from the circumfnsion system, emptied of their nutrient, and injected with the indicated fixative. The fixative, with the exception of that used in the May-Grfinwald-Giemsa method, penetrated the cellophane; after l0 min, the chamber was opened, the cellophane stripped away from the culture, and the slide washed and stained.
May-Grilnwald-Giemsa : Fixation was accomplished by injecting methyl alcohol under the cellophane. When alcohol fixatives are used with a full sheet of cellophane, fixation in this way rather than through the cellophane is essential, because the alcohol removes water from the culture environment so rnnidly that it effects a compression of the cells by the cellophane before the cells have been fixed, often severely distorting them. After removal of the cellophane, the staining procedure was done according to the method of Jacobson and Webb (18) .
Hematoxylin and Eosin: Zenker's formol and routine staining Acid Phosphatase: Cold (4°C) formol-calcium fixation and staining according to Gomori's leadglycerophosphate procedure (12) .
Alkaline Phosphatase: Cold (4°C) formol-calcium fixation and staining according to Gomori's leadglycerophosphate procedure (12) .
Adenosine Triphosphatase: Cold (4°C) formol fixation and staining according to both the Wachstein-Meisel (53, 54) and the Padykula-Herman (26, 27) procedures.
Glycogen : Cold (4°C) formni fixation and staining according to the PAS method of Hotchkiss (16) .
Electron Microscopy Procedures
It is virtually impossible to remove polymerized epoxy resins from glass cover slips. However, Kumegawa et al. (20) found that mica cover slips (40) , from which the resins can be removed, were a satisfactory substitute for the glass. In this study, tissue cultures designated for electron microscopy were cultivated on mica cover slips. The explants were fixed directly in the chambers with phosphatebuffered (0.15 M) glutaraldehyde (1%) and, after removal of the cellophane, phosphate-buffered (0.15 M) osmium tetroxide (1%). Some explants were then prestained with uranyl acetate (2%) and infiltrated with the Araldite resin in the chamber.
After polymerization, a disc of the resin, approximately 1 inch in diameter by X-inch thick, was removed from the chamber, inspected, encircled with a diamond objective marker, cut, and prepared for sectioning as recently reported in detail by Kumegawa et al (20) . Fresh liver specimens also were similarly fixed and embedded.
The embedded specimens for electron microscopy were sectioned on a Porter-Blum II microtome provided with glass knives. The sections were stained with a 0.2 to 0.5% lead citrate and examined in an RCA EMU-3 electron microscope.
RESULTS
The cultivation of embryonic and fetal tissues in circumfusion systems is somewhat different from that generally found in reports of tissue culture studies. These explants may be thought of as tissue culture-organ culture hybrids. Even though explants growing on glass or mica cover slips and covered with unperforated cellophane membranes are thinly spread, many cell types are not as flat as those found in monolayers of cell strains growing on the walls of culture vessels or in outgrowths of primary explants under sheets of perforated cellophane. In circumfusion systems, many organspecific characteristics of fetal explants are substantially preserved. Generally, the differentiated liver cells have considerable depth and often are multilayered so that focusing with the phasecontrast microscope seldom yields as sharp an image as is possible with flattened cells of strains growing directly on glass cover slips in monolayers. It should also be emphasized at the beginning that the liver explants were never the only tissues in one circumfusion system, each system always having male and female gonadal explants as well as some of the other tissues listed in the Materials and Methods section. The alternate condition of having 12 chambers containing only liver explants has not been examined at this time.
The cultivation of chick embryonic tissues in a V-614 supplemented media (11) was described in the first report of this series. Hepatocytes were shown after 20 days of cultivation, but rarely were many found to persist in histotypic patterns much longer than 3 wk. Sheets of hepatocytes broke up and the cells became difficult to recognize as unequivocal elements of the parenchyma by phase microscopy. Chick liver was not evaluated in the Waymouth's media. However, with the fetal and newborn mouse liver explants cultivated in the enriched media of Waymouth, differentiated hepa- phase-white vesicles are seen in the center of this lobule intermingled with phase-dark granules, and one would suspect this to be an area of secretion analogous to that of the bile canaliculi. Similarly, the surrounding space at the opposite poles of the cells appeared to be analogous to a sinusoidal-perisinusoidal complex. At this age of cultivation (12 days), most nuclei contained one or two prominent nucleoli, although some had more, and the cytoplasm contained large phase-black granules and often a clear juxtanuclear Golgi zone (Fig. 4 ) from which phase-white droplets emanated. Depending upon the tensions exhibited by various portions of the explant, the patterns of hepatocytic clusters (lobules) varied. Occasionally, the clusters were seen as multiple cords of rectangular cells.
One of the peculiarities of the cellophane-sheet method of cultivation with multipurpose culture chambers is that soft explants become flattened in a few days, varying, of course, according to the size and consistency of the explants and their positioning under the cellophane. This flattening occurs because of the compressive effect of the cellophane on the explant enforced by the removal of water from the culture environment by osmosis. In a week or two, many soft tissues become nearly uniformly compressed, although the individual parenchymal cells are not usually as flat as the peripheral elements of cell strains growing on a
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THE JOURNAL OF CELL BIOLOGY • VOLUME 39, 1968 on November 7, 2017 jcb.rupress.org A positive alkaline phosphatase response was observed in these same intercellular areas (Figs. 9 and 10), and both reactions substantiated that these phasewhite spaces between in vitro cells were analogous to the bile canaliculi of in vivo hepatocytes. Similarly, the parenchymal cells gave a positive response for acid phosphatase at the site of the large cytoplasmic granules located between the nucleus and the bile canaliculus (Figs. 11 and 12), indicating their lysosomal nature. Generally, after 3-4 wk, hepatocytes contained large and pleomorphic cytoplasmic granules on the side of the cell with the prominent bile canalicular space (Fig. 11) , whereas in the younger cultures smaller granules were more uniformly distributed throughout the cytoplasm regardless of the secretory activity (Fig. 4) . These smaller granules were also seen in the older cultures with the large granules. explant area, the center of ~e explant being to the lower left of the figure. By 35 days, stromal matrices had become less cellular and more collagenous. Clusters of macrophages (Kupffer cells) and other unidentified cells can be seen peripheral to the explant where they were growing either on the glass cover slip or on the cellophane. Hepatic cords grown out from the M-3 liver explants were maintained in a circumfusion system for 128 days; the character of the hepatocytes remained essentially unchanged. Although the large cytoplasmic granules became progressively more numerous. A cluster of hepatocytes from an M-5 liver culture was photographed with the time-lapse cine phase system between days 82 and 115 of cultivation. An abstract of this timelapse movie film is shown in Fig. 14 . The recording shows a bile canaliculus increasing in size, undergoing a dispersion of droplets during and emptying phase, and then refilling again during a 263-minute segment of the recording.
The response of cultured hepatocytes to the general and special staining procedures listed in the section of Materials and Methods associated the cultured hepatocytes with those found in vivo.
Electron micrographs of the in vivo fetal and newborn mouse liver are shown in Figs. 15-17 and of the cultures growing on the mica cover slips in Figs. 18-23 . The prominent features of fetal liver parenchymal cells are the bile canaliculi with multiple microvilli projecting into them, aggregations of glycogen, and lipid bodies. Glycogen was also noted within mitochondria (Fig. 15) . The lysosomes and microbodies, also characteristic of liver tissue, are not notable features of the fetal liver parenchymal cells. In the newborn mouse (Figs. 16 and 17 ) a common feature is the presence of lipid not only in the cytoplasm but in the nucleus as well, and small units of lipid often were found near the nuclear pores (Fig. 17) . nuclei similarly was found in some cases of the cultured parenchymal cells (Fig. 18) . As in the in vivo specimens, the characteristic components of the cultured parenchymal cells were the bile canaliculi, lipid bodies, and glycogen. Generally, the mitochondria were slightly smaller than those found in vivo. After 1 wk of cultivation, microbodies and lysosomes commenced to appear in greater numbers. In Fig. 19 , the abutting edges of two parenchymal cells after I wk of cultivation are shown with a distended bile canaliculus between them. In the lower left corner, there is an aggregation of single membrane-bound, smooth-surfaced, crystalloidfree small bodies which appear to be a cluster of immature microbodies. Aggregations of this sort were not found in the in vivo specimens but were found in the I-to 2-wk-old cultures and rarely in the 4-wk-old cultures. In the right of this micrograph, an elongated mitochondrion also shows a small cluster of glycogen granules in a circumscribedcrista, as described for the in vivo specimen in Fig. 15 . In Fig. 20 , a small area of aggregated immature microbodies is shown in a cell after a 2 wk cultivation. These single membrane-bound units appear identical with those described for microbodies in adult parenchymal tissue except that they do not contain crystalloids or nuclei. After 2 wk of cultivation, the microbodies were found not only in aggregates without crystalloids, but singly with crystalloids. By 4 wk (Fig. 21 ) they appeared mature as described for adult parenchymal cells and were found scattered in the cytoplasm among the mitochondria and increasing numbers of enlarging lysosomes. Several typical mature microbodies are shown at higher power near a rare bundle of wavy filaments in Fig. 22 . These filaments usually were adjacent to, or surrounded by glycogen and were not found in parenchymal cells until after 4 wk of cultivation. The higher power view of one especially ordered bundle is shown in Fig. 23 . There is a general periodicity to the waves and the spacing between these filaments, as shown in the drawing (insert, Fig. 23 ). 
D I S C U S S I O N
The first report on the circumfusion system (36) illustrated the efficacy of this technique with chick embryo tissues. The purpose of this second report is to demonstrate in detail the possibilities for growth of a mammalian cell type (liver cells) generally found difficult to cultivate. It was shown that the cells of the liver from the fetal and newborn mouse were well preserved in a differentiated state for long periods in the circumfusion system. An old axiom from Doljanski's early studies of liver in vitro (3) was later amplified by Fell (I0), Reisner (30) , and Robineaux (31) . It has direct bearing on this discussion. Doljanski concluded that cells which divide and emigrate rapidly lose their differentiation, whereas cells which do not divide nor emigrate rapidly are more likely to retain their differentiation. It seems that cells of nonproliferative organs, particularly in culture, cannot do both very long, for one excludes the other, and the present studies with the circumfusion system strongly support this axiom.
A primary reason for the difficulty in cultivating liver parenchymal cells in their differentiated form has been attributed to the inability of cultivating systems to provide sufficient oxygen requirements (8, 17) for aerobic glycolysis. Sandstr6m (42) (43) (44) (45) attempted to alleviate this problem by using the multipurpose culture chamber and a special cultivating condition. Chick embryo liver pieces were placed on an unperforated cellophane sheet lying on one of the cover slips and covered by a perforated sheet of cellophane. Using minimal amounts of nutrient and a gas phase, Sandstr6m was able to cultivate chick embryo hepatocytes for 15 days and attributed this success to the greater availability of oxygen to the cells. This technique was similar to that of Trowell (50, 51) for organ culture as both procedures provided fluid and gas phases, although Sandstr6m's used a compressed environment and Trowell's was an uncompressed organ culture environment. Stevens (49) calculated the minimal requirements of liver pO~ in dogs and used the technique of Trowell to con-438 THE ,JOURNAL OF CELL BIOLOGY " VOLUME 39, 1968 on November 7, 2017 jcb.rupress.org clude that liver cells could not obtain the energy needed for their maintenance a n d division in tissue culture from aerobic respiration alone. Since liver cells have a very low anaerobic glycolysis, Stevens stated that it was simply impossible for the liver to obtain energy in this way and that liver cells, therefore, would not survive; whereas cancer cells, fetal cells, and fibroblasts, having high anaerobic glycolysis, would survive. In our cultures of liver cells from the mouse, fetal cultures demonstrated a more uniform outgrowth of hepatocytes than the newborn explants; this is GEORGE G. ROSE, M. KUMEGAWA, AND M. CATTONI Differentiated Liver in Vitro compatible with Steven's conclusions about fetal tissues. However, hepatocytes were observed in newborn tissues as well, and the contribution of the circumfusion system to the technique of_cul-tivation with the multipurpose culture chamber was shown to be of considerable advantge. The primary advantage to the liver cells quite likely is the high oxygen tension in the rapidly circulating nutrient. This was measured with the Beckman-Spinco gas analyzer (Spinco Div., Beckman Instruments, Inc., Palo Alto, Calif.) to be 160 mm Hg, and since the circulating fluid passes through each chamber at 4.5 ml/min, this oxygen tension is maintained. The uniformity of nutrient availability and excretory removal as well as the smoother temperature control in the circumfusion system obviously favor the total well-being of the cells being cultivated, as revealed by the morphology of the liver cells and the longevity of their differentiative characteristics when analyzed by phase-contrast viewing, timelapse cinemicrography, cytochemical responses, and electron microscopy. An unexplored added component of circumfusion systems is the pulsatile pressure change in each chamber (108 pulses/min and a pulse pressure of 3 mm Hg).
However, there have been recent reports (13) on the cultivation of liver cells with the maintenance of parenchymal cells by using the reconstituted rat-tail collagen technique of Ehrmann and Gey (4). Bang and Warwick (1) report that it is possible to keep differentiated human fetal liver cells alive on the collagen for several months (100 days), although the multiplication of parenchymal cells was not observed after 3 wk (14) . Conversely, Hillis and Bang (14) used electron microscopy to study the lateral views of newborn mouse liver cells growing on reconstituted rat-tail collagen. He described the parenchymal cells as remaining similar in size and appearance for more than One month. His 2-wk-old cultured hepatocytes, were reported to be ultrastructurally similar to the in vivo hepatocytes. However, neither Watanabe nor Hillis and Bang described in vitro bile canaliculi, which should be considered as a high index for the differentiation phase of hepatocytes. Similarly, SandstrSm (45) never found bile canaliculi in his rat liver cultures, although he did report their appearance in great abundance in 5-day cultures of chick embryo liver. Watanabe also noted a decrease in the size of mitochondria in his 2-wk cultured newborn mouse liver hepatocytes, as did Westman and Sandstr6m (56) in their 3-day cultures of chick embryo liver. The hepatocytes in our cultures similarly had mitoehondria generally smaller in diameter than those of the in vivo parenchymal cells.
Fetal, newborn, and young mice were found to have large lipid granules within both the cytoplasm and the nucleus of hepatocytes. Although lipid in the nucleus of the hepatocytes of neonatal mice has been reported (19), we have not found supporting published illustrations. T h e s e lipid bodies were found again in our cultured hepatocytes in the cytoplasm as well as in the nucleus, and their presence in the nucleus is currently being studied. Lipid in nuclei of hepatoma cells was shown to occur after thioacetamide poisoning (41) . This was thought to result from an invagination of the nuclear membrane in which lipid was entrapped. After the invagination became detached from the nuclear membrane, a double membrane intranuclear inclusion resulted, which then reportedly lost its membrane, leaving the lipid free in the nueleoplasm. Although we did not see such a sequence, or even traces of this kind of entrapment, we did see small lipid masses in the nuclear pores which suggested but did not prove that their mode of entrance into the nucleoplasm was through these tiny orifices. Sandstr6m (43) concluded from his own observations and those of Sato et al. (47) that there is no reason to believe that cultivated liver ceils, lacking the specificity of normal liver cells, were more than stromal in origin. Biberfeld et al. (2) agreed that fibroblast-like outgrowths were the usual results of long-term studies of liver, although they claimed to have cloned a parenchymal cell line (PAR-C1). Their studies of this line by electron microscopy, fluorescent antibody techniques, and immunoelectrophoresis strongly suggested an hepatic parenchymal origin. By another route of investigation, Paul and Pearson (28) supported Sandstr6m's opinion. They found that the metabolism of chick embryonic liver in vitro was completely reversed in 24 hr and became identical to that of chicken heart fibroblast cultures.
In evaluating the differentiation of liver in tissue culture, one must have recognizable parenchymal and Kupffer cells. Presumably, the parenchymal liver cells can function properly only if they have (a) bile canaliculi wkose villi stain positively and sharply with alkaline phosphatase and ATPase (7, 22-25, 46, 52) acid phosphatase granules (lysosomes 6, 15) in the peribiliary and Golgi complex areas, (c) lipid, (d) microbodies, and (e) characteristic glycogen accumulations in the cytoplasm. These essential and somewhat specific criteria of liver cells were found in the mouse liver cultures observed in the circumfusion system. The large granules noted after about 1 month by phase-contrast microscopy possibly were related to the agglomerations of the smooth-surfaced endoplasmic reticulum (5, 9, 21, 23, 29, 41, 48) admixed with the enlarging lysosomes and lipid droplets or were, perhaps, in some instances, aggregates of microbodies. Obviously, they represented many forms or groupings of these cellular constituents rather than only one, for their staining reactions were extremely variable. The question of microbodies added considerable support to the evaluation of the differentiation of parenchymal cells in vitro. Isolated small sized crystalloid-contalning microbodies rarely were found in the fetal and newborn in vivo sections. In the 1-and 2-wk-old cultures, large aggregates of crystalloid-free microbodies were found in the parenchymal cells and rarely after 4 wk. However, after 2 wk isolated and small sized crystalloid-containing microbodies commenced to appear among the mitochondria and by 4 wk (Figs. 21 and 22 ) full sized crystalloidcontaining microbodies were scattered throughout the cytoplasm, indicating a progression toward maturity.
The rare observation of the bundles of filaments in the 1-month-old cultures was not comparable to findings of in vivo parenchymal cells. Bundles of filaments have been reported in biliary cells of cholangiomas (41) and in the PAR-C1 cell line of rat liver (2) . However, the ordered state of the filaments shown in Fig. 23 was not mentioned in these reports.
The studies with the circumfusion system now seriously challenge Willmer's (57) opinion that all perfusion systems have an inherent defect in that they" wash away-important cellular metabolites. The circulating qualities of the eircumfusion system prevent a complete washing away since that which has been washed from one chamber will in part, go back to the chamber of origin. Secondly, the cellophane membrane itself prevents a considerable washing away from the microenvironment except for dialyzable materials. The circumfusion system may appear to be a complex and impractical device, yet when we attempt to cultivate and maintain the functioning units of life, i.e. cells and their complex associations, as tissues and organs in a condition analogous to their origin, it seems necessary that simple techniques must give way to technological complexities. In retrospect, it now seems foolish to have attempted to find economical and simple methods for the cultivation of cells in a state of differentiation, although it would have been more foolish not to have done so. The circumfusion system is much more complex than the flask, test tube, or hanging drop preparation, yet the results as described in this report are much more complex than those obtained with these simpler techniques.
Mouse liver cells have been shown to retain their functioning state for at least 4 months. This means GEORGE G. ROSE, M. KVMEGAWA, AND M. CATTONI Differentiated Liver in Vitro 4t5 FIGURE £1 Electron micrograph of a pol¢ion of three parenchymal cells in a fetal mouse liver (M-l) cultivated in the circumfusion system for 4 wk. The distended bile canaliculi (be) show no microvilli, whereas the bile eanaliculus in the lower right is full of microvilli (re,J). Lysosomes (ly), crystalloidcontaining microbodies (ink), and glycogen (g) are conspicuous features in these cells. X 17,000. that many in vitro conditions which were used in the past favored dedifferentiation, longevity of one cell type, and autonomy. The circumfusion system, however, is unfavorable to multiplication but favors longevity through a retention of many cell types functioning in close association with each other, that is, as histotypic or organotypic cellular complexes. The circumfusion system emphasizes a longevity of function and a loss of replication, whereas culturing in the less restricted environments of test tubes and flasks emphasizes a loss of function and a longevity through replication. The former, of course, favors differentiation of cells; the latter favors cell strains and neoplasticlike results. Nevertheless, the circumfusion system is not perfect. It is now a new tool which is incomplete but potentially very valuable. It allows the study of in vitro normal cells in a functioning state which more closely resembles that of cells found in vivo than has been possible with simpler methods. This does not mean that cells in the circumfusion systems are fully normal, for they can never be as active or function as well as in the in vivo evironments, even though they may appear to do so with our limited means of detection. What has been attained with the circumfusion system is that the gap between the in vitro and in vivo environments has been shortened. This means that the tissue culturist has some maneuverability and that he is not hampered by the expected death and dedifferentiation of the originally cultivated cell population. For instance, the responses of liver and other tissues to intentional alterations of the environment may be fully visualized and scrutinized both by optical and electron microscopic techniques. The secretory activity of the paren- on November 7, 2017 jcb.rupress.org
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time-lapse cinemicrography, and their analogy to their in vivo counterparts also was shown by their cytochemical responses. This gives us assurance that much more can be done with normal tissues and cells in vitro than has been possible in the past. The great shortcoming of the circumfusion system at this point of development appears to be that of cellular or tissue atrophy, i.e. a cell mass plateau is reached after 3-4 weeks, rarely longer. Cultivation methods, nutrient formulas, and technical procdures are ali being varied in an attempt to prevent this atrophy and thereby extend the life of these functioning cell cultures. Other tissues now being studied (principally the pancreas, male and female gonads, tissues of the oral cavity, and cell strains) will be reported subsequently. Moreover, upgrading of the entire circumfusion system is being pursued in an effort to marshall as
